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ABSTRACT
The reduction of milk production caused by subclini-
cal mastitis in dairy cows was evaluated through the 
regression of test-day milk yield on log-transformed 
somatic cell counts (LnSCC). Official test-day records 
(n = 1,688,054) of Holstein cows (n = 87,695) were 
obtained from 719 herds from January 2010 to Decem-
ber 2015. Editing was performed to ensure both reli-
ability and consistency for the statistical analysis, and 
the final data set comprised 232,937 test-day records 
from 31,692 Holstein cows in 243 herds. A segmented 
regression was fitted to estimate the cutoff point in the 
LnSCC scale where milk yield started to be affected 
by mastitis. The statistical model used to explain daily 
milk yield included the effect of herd as a random effect 
and days in milk and LnSCC as fixed effects regres-
sions, and analyses were performed by parity and stage 
of lactation. The cutoff point where milk yield starts 
to be affected by changes in LnSCC was estimated 
to be around 2.52 (the average of all estimates of ap-
proximately 12,400 cells/mL) for Holsteins cows from 
Brazilian herds. For first-lactation cows, milk losses per 
unit increase of LnSCC had estimates around 0.68 kg/d 
in the beginning of the lactation [5 to 19 d in milk 
(DIM)], 0.55 kg/d in mid-lactation (110 to 124 DIM), 
and 0.97 kg/d at the end of the lactation (289 to 304 
DIM). For second-lactation cows, milk losses per unit 
increase of LnSCC had estimates around 1.47 kg/d in 
the beginning of the lactation (5 to 19 DIM), 1.09 kg/d 
in mid-lactation (110 to 124 DIM), and 2.45 kg/d at 
the end of the lactation (289 to 304 DIM). For third-
lactation cows, milk losses per unit increase of LnSCC 
had estimates around 2.22 kg/d in the beginning of the 
lactation (5 to 19 DIM), 1.13 kg/d in mid-lactation 
(140 to 154 DIM), and 2.65 kg/d at the end of the 
lactation (289 to 304 DIM). Daily milk losses caused by 
increased LnSCC were dependent on parity and stage of 
lactation, and these factors should be considered when 
estimating losses associated with subclinical mastitis.
Key words: subclinical, mastitis, test day record, milk 
loss
INTRODUCTION
Milk losses (ML) associated with high SCC at cow 
level are a consequence of the inflammatory response of 
the bovine mammary gland against infections caused 
by mastitis-causing pathogens (Hortet and Seegers, 
1998; Seegers et al., 2003). Estimation of these losses 
have been systematically assessed (Halasa et al., 2007, 
2009; Hogeveen et al., 2011; Huijps et al., 2008), pro-
viding the dairy industry with pivotal approximation 
on the costs incurred to keep high-SCC cows in the 
herd (Geary et al., 2012). The majority of these as-
sessments were based on the assumption that a rise in 
the individual SCC above a threshold value of 200,000 
cells/mL (Bradley and Green, 2005; IDF, 2013; Schuk-
ken et al., 2003) is an indication that an infection has 
occurred.
Not surprisingly, animals recording SCC >200,000 
cells/mL at test day are prone to experience ML, the 
extent of which is dependent upon the parity and stage 
of lactation of the animal (Hagnestam-Nielsen et al., 
2009; Hand et al., 2012). How much of this increase 
from individual SCC still kept below the 200,000 cells/
mL threshold (IDF, 2013) is, in fact, reflected in ML 
from high-yielding cows is a key question yet not entire-
ly addressed (Boland et al., 2013; Green et al., 2006); 
thus, animals potentially underperforming go unnoticed 
by the herd owner provided that the bulk tank SCC is 
~200,000 cells/mL (van Asseldonk et al., 2010). This 
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quantification requires a comprehensive understanding 
on the relationship held between the SCC and the milk 
yield at cow level (Hand et al., 2012).
Previous studies evaluated different SCC thresholds 
at which milk yield starts to be affected by changes in 
cell counts, taking parity and stage of lactation into 
consideration (Dürr et al., 2008). In Canada, Dürr et 
al. (2008) reported that losses were first observed when 
SCC of Holsteins and Ayrshires were >7,400 cells/mL. 
However, those associations (Dürr et al., 2008) may not 
be relatable to distinct populations of dairy cows, given 
the potential influence of geographic factors over dif-
ferent population of dairy cattle (Boland et al., 2013). 
Therefore, given that a direct relationship between 
SCC <200,000 cells/mL and ML exists (Dürr et al., 
2008), and that this depends on both the cow’s par-
ity and the stage of lactation (Hand et al., 2012), our 
primary hypothesis was that the milk yield of Brazilian 
Holstein cows was not affected until the SCC level ex-
ceeded a certain level. However, after reaching a given 
hypothesized threshold, individual milk yield would be 
affected as SCC increases. Hence, the aims of our study 
were to estimate (1) the threshold at which the as-
sociation between SCC and milk yield is observed; (2) 
the magnitude of the effect of SCC on milk yield from 
Holstein cows in Brazilian dairy herds using test-day 
records; and (3) whether the association between SCC 
and milk yield varies according to parity and stage of 
lactation of cows.
MATERIALS AND METHODS
Data
Test-day records were obtained from the Associação 
Paranaense de Criadores de Bovinos da Raça Holan-
desa (APCBRH), which is the official Holstein milk 
recording organization of State of Paraná, Curitiba, 
Brazil. The data set included information from lac-
tating Holstein cows from January 2010 to December 
2015. Editing was performed to ensure both reliability 
and consistency for the statistical analysis. To be in-
cluded in the data set, test-day records were required to 
have fat content between 2.5 and 6.5%, protein content 
between 2.5 and 5.5%, lactose content between 3.5 and 
6%, TS content between 8.5 and 14.5%, SCC between 
0 and 1,000,000 cells/mL, and milk yield between 2 
and 70 kg, as described by Dürr et al. (2008). Test-day 
recordings ≥305 d in milk were excluded from analy-
sis. We also checked and imposed constraints on the 
ages at calving (by parity) to ensure that parities were 
consistent with sensible ages at calving. Twenty stages 
of lactation groups were defined (stage 1 = d 5 to 20, 
stage 2 = d 21 to 35, …, stage 20 = d 291 to 304). To 
allow the inclusion of a random herd–test-day (HTD) 
effect in the statistical model, we imposed a minimum 
of 100 records per herd and the constraint that within 
each parity-stage group the HTD needed ≥4 records to 
be kept for subsequent analyses. The number of test-
day records excluded and retained at each step of the 
editing and the reasons for the exclusions are shown in 
Table 1. Initial analyses of records from parities greater 
than 3 (where there were low numbers of animals) 
gave parameter estimates that were unreliable (no SE 
of the parameter estimates, analyses did not converge, 
or the calculated parameters were nonsensical); con-
sequently, only parities 1, 2, and 3 were retained for 
statistical analyses. The constraint of ≥4 records for 
each parity-stage-herd cluster removed a substantial 
number of records; however, it was necessary to have at 
least 4 records per cluster, as we were fitting random 
effects of a, b, and c to each cluster. After editing, the 
final data set comprised 232,937 test-day records from 
31,692 Holstein cows in 243 herds from January 2010 
to December 2015. Descriptive statistics of records used 
herein are presented in Table 2. Descriptive statistics of 
both kept and eliminated data sets showed that records 
used for analysis were representative of the Brazilian 
dairy cow population in the period studied (Cunha et 
al., 2008).
Statistical Analysis
To assess the aim of this study, statistical analyses 
were performed separately by parity and by stage of 
lactation. The majority of herds evaluated were month-
ly tested assisted by a milk recorder; hence, within one 
15-d stage of lactation there was only 1 herd-test visit. 
Therefore, apart from any surprise spot-test retests of 
herds, only 1 record per cow per lactation stage was 
used to avoid any issues of repeated records per cow. To 
avoid problems of unlikely, occasional spot herd retest 
and the inclusion of individual repeated measurements 
within the same parity-stage interval, only the first 
record in a herd-parity-stage was kept for analysis.
To assess the SCC threshold at which a milk yield 
drop occurs, the approach adopted here was to estimate 
the threshold from the data by fitting a segmented re-
gression (as per Dürr et al., 2008). As healthy cows 
maintain low cell counts in milk (Capuco et al., 2003), 
we hypothesized that milk yield was not affected by 
increasing SCC level up to some (unknown) level of 
SCC. After reaching this cutoff point, milk yield would 
be affected as SCC increases. This required the esti-
mation of 3 parameters: the intercept (a), the cutoff 
(threshold) point where ML starts (c), and the regres-
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sion coefficient of milk yield on SCC (b), for values of 
SCC above the cutoff. The basic statistical model used 
to analyze data were as follows.
 [1] For observations where the LnSCC was greater 
than the cutoff,
 Xij = μ + (1|HTD)i + β(LnSCC − c)ij   
+ β1(DIM)ij + εij;
 [2] for observations in which the LnSCC was less 
than or equal to the cutoff, the model was
 Xij = μ + (1|HTD)i + β1(DIM)ij + εij, 
where Xij is the milk yield at test day of the jth cow in 
the ith HTD; μ is the mean milk yield of the population; 
(1|HTD)i is the random effect of HTD (data from 2010 
to 2015); LnSCC is the natural logarithm of the SCC 
at test day [e.g., SCC = 100 is equivalent to LnSCC of 
5.3 = 100 (×1,000) = 100,000 cells/mL]; c is the cutoff 
as described above; DIMij is days in milk of the jth cow 
in the ith HTD; β and β1 are the respective regression 
coefficients; and the error term is ε ~ N(0, σ2I), where 
σ2 is the residual variance and I is the identity matrix. 
The DIM interval within each stage were only 15 d. 
Over this short time interval, a linear regression was 
sufficient to adequately explain the effects of DIM; a 
quadratic effect of DIM was not statistically significant.
The statistical analyses were carried out using the 
NLMIXED procedure of SAS, which accommodates 
nonlinear mixed models and allows fitting segmented 
regressions (version 9.3; SAS Institute Inc., Cary, NC). 
We tried fitting a quadratic term for LnSCC, but only 3 
cases (parity-stages) out of the 6 parities and 20 stages 
per parity gave converged estimates. Consequently, only 
the linear regression of milk yield on LnSCC was used.
Postanalysis Calculations
To describe the trend of the linear regression coef-
ficients of daily milk yield on LnSCC over the course of 
each lactation, the regression coefficient estimates for 
the 20 stages defined here were, in turn, used as data 
points in a weighted regression on DIM (by parity), 
weighted by the inverse of their sampling variance, as 
per Dürr et al. (2008). This allowed an estimate of a 
milk loss regression coefficient appropriate to any given 
DIM within a parity and not just to the 20 stages of lac-
tation classes. The weighted regressions also provided 
a means of testing differences between linear regression 
coefficients of daily milk yield on LnSCC obtained for 
each parity to see whether the estimates across parities 
could be pooled or not. An ANOVA showed that the 
regressions within parities were not homogeneous, and 
hence have not been pooled; results are shown sepa-
rately for each parity. The GLM procedure of SAS was 
used to carry out the weighted regressions (version 9.3; 
SAS Institute Inc.). The expected daily ML distributed 
in different groups of SCC according to the parity-stage 
of lactation combination were calculated. The actual 
ML for individual cows may be estimated by applying 
the equation
Table 1. Editing criteria and number of records retained and excluded
Excluded test-day records based  
on the following criteria
Initial number of records  
at each edit step
Number of test-day  
records retained
Number of test-day  
records excluded
Breeds other than Holsteins 1,688,054 1,530,276 157,778
<5 d 1,530,276 1,530,276 9,733
≥305 d 1,530,276 1,212,674 317,602
SCC = 0 1,212,674 1,200,086 12,588
>1,000,000 cells/mL 1,200,086 1,083,679 116,407
Parity ≥7 1,083,679 1,068,729 14,950
Unusual milk composition 1,068,729 936,029 132,700
Unusual milk production 936,029 935,665 364
Inconsistent lactation length 935,665 932,679 2,986
Age at calving criteria limits by parity 932,679 820,011 112,668
 Parity 1 (21 ≤ age at calving < 40) 368,213 328,337 39,876
 Parity 2 (33 ≤ age at calving < 55) 260,592 221,149 39,443
 Parity 3 (43 ≤ age at calving < 75) 158,806 139,608 19,198
 Parity 4 (54 ≤ age at calving < 95) 85,387 76,636 8,751
 Parity 5 (65 ≤ age at calving < 115) 41,192 37,636 3,556
 Parity 6 (77 ≤ age at calving < 135) 18,489 16,645 1,844
Herds <100 records 820,011 814,330 5,681
Eliminating retest records cow-parity-stage 814,330 811,775 2,555
Herd parity stage <4 records 811,775 232,937 578,838
Total  232,937  
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 ML = (LnSCC − c) × EML, 
where ML is the milk loss (kg) for a given cow, LnSCC 
is the actual SCC on the natural logarithm scale in 
that cow’s milk, cutoff c is the point in the log scale 
where losses start, and EML is the expected milk loss 
per unit increased in LnSCC according to parity-stage 
of lactation combination. For example, Figure 1, parity 
1 and stage 1, which corresponds to DIM 5 to 19, had 
threshold (c) = 1.01; from Table 2, parity 1 and stage 1 
(d 5 to 19), the expected milk loss (EML, b) was 0.68. 
An SCC of 100,000 corresponds to LnSCC of 4.61; thus, 
the ML from parity 1 and stage 1 corresponds to (4.61 
– 1.01) × 0.68 = 2.44 kg/cow per day. Similarly, from 
Figure 1, parity 1 and stage 2 (d 20 to 34) had thresh-
old (c) = 1.58. From Table 2, parity 1 and stage 2 (d 20 
to 34), the expected milk loss (EML, b) was 0.64. An 
SCC of 100,000 cell/mL corresponds to LnSCC of 4.61; 
thus, the ML from parity 1 and stage 2 corresponds to 
(4.61 – 1.58) × 0.64 = 1.93 kg/cow per day. We can do 
likewise for the other stages corresponding to parity 1 
and then the average ML over these 20 stages to get 
1.75 kg/cow per day (Table 3), and similar for parity 
2 and 3. The greater the LnSCC, the greater the ML, 
expressed both in kilograms and percentage.
RESULTS
Cutoff Point
The estimate of the cutoff point (c), where ML was 
associated with change of LnSCC start for different 
parity-stage of lactation combinations of Holstein cows 
from Brazil, is shown in Figure 1. This cutoff point (c), 
expressed as LnSCC, ranged from 0.27 ± 0.89 to 3.28 ± 
0.37 (1,300 to 26,600 cells/mL) for parity 1, 1.98 ± 0.24 
to 3.24 ± 0.14 (7,200 to 25,400 cells/mL) for parity 2, 
and 2.39 ± 0.15 to 3.70 ± 0.17 (10,900 to 40,300 cells/
mL) for parity 3. Figures presented here suggest that 
no ML due to SCC (subclinical mastitis) occur prior to 
approximately LnSCC of 2.52 ± 0.63 (the average of all 
estimates of approximately 12,400 cells/mL).
Regression on LnSCC
The estimates of linear regression coefficient of daily 
milk yield on DIM were positive and had similar values 
across parities and stages of lactation. The mean value 
and standard deviation for the estimates were 0.0444 ± 
0.0021 kg/d for parity 1; 0.0973 ± 0.0051 kg/d for par-
ity 2; and 0.1078 ± 0.0005 kg/d for parity 3. Weighted 
regressions using linear regression coefficients of each 
lactation as data points were all statistically significant, 
indicating that ML due to LnSCC vary across the lac-Ta
b
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tation. Overall, ML associated with changes in LnSCC 
were not the same in different stages of the lactation 
and were lower in first parity than parity 2 and 3.
The linear regression coefficient of daily milk loss 
on LnSCC had estimates for first-lactation cows of ap-
proximately 0.68 kg/d at the beginning of the lactation 
(5 to 19 DIM), 0.55 kg/d at mid-lactation (110 to 124 
DIM), and 0.97 kg/d at the end of the lactation (289 
to 304 DIM). For second-lactation cows, milk losses per 
unit increase of LnSCC had estimates around 1.47 kg/d 
at the beginning of the lactation (5 to 19 DIM), 1.09 
kg/d at mid-lactation (110 to 124 DIM), and 2.45 kg/d 
at the end of the lactation (289 to 304 DIM). For third-
lactation cows, milk losses per unit increase of LnSCC 
had estimates around 2.22 kg/d at the beginning of the 
lactation (5 to 19 DIM), 1.13 kg/d at mid-lactation 
(140 to 154 DIM), and 2.65 kg/d at the end of the 
lactation (289 to 304 DIM; Figure 2).
Estimated Milk Losses
The EML per unit increase of LnSCC according to 
parity-stage of lactation combination is provided in 
Table 4. Figure 3 (A, B and C) presents the predicted 
ML (%) over the course of a full lactation, in parity 1 
(Figure 3A), 2 (Figure 3B), and 3 (Figure 3C) cows 
according to the final model estimates based on the 
covariates investigated herein. By means of illustration, 
a first-lactation cow at 50 DIM and SCC 100,000 cells/
mL could be expected to have her milk production de-
creased by 0.94 kg [2.28 − 1.34 kg] if her SCC increase 
to 500,000 cells/mL (see formula 1 and 2 below).
 [1] Considering a first-lactation cow at 50 DIM with 
SCC = 100,000 cells/mL
 (4.61 − 2.35) × 0.59 = 1.34; 
Figure 1. Estimates and SE of the cutoff point (c) where milk losses associated with log-transformed [LnSCC; e.g., SCC = 100 is equivalent 
to LnSCC of 4.61 = 100 (×1,000) = 100,000 cells/mL] start for Holstein cows in Brazilian herds from 2010 to 2015 (parity 1 = solid line; parity 
2 = dotted line; and parity 3 = dashed line).
Table 3. Milk loss (ML1) of parity 1 cows2 for different levels of SCC
Level of SCC ML
100,000 1.75
200,000 2.21
400,000 2.67
500,000 2.81
750,000 3.09
1Milk loss (ML), expressed as kg/cow per day.
2Parity 1 and stage 1 which corresponds to DIM 5 to 19 had threshold 
(c) = 1.01. Parity 1 and stage 1 (d 5 to 19) the expected milk loss 
(EML, b) was 0.68; SCC of 100,000 corresponds to LnSCC of 4.61. 
Thus, the ML from parity 1 and stage 1 corresponds to (4.61 – 1.01) 
× 0.68 = 2.44 kg/cow per day. This can be done likewise for the other 
stages corresponding to parity 1 and then the average ML over these 
20 stages = 1.75 kg/cow per d, and similarly for parity 2 and 3.
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Figure 2. Estimates and SE of the linear regression coefficients of expected milk loss per unit increase in log-transformed SCC [LnSCC; e.g., 
SCC = 100 is equivalent to LnSCC of 4.61 = 100 (×1,000) = 100,000 cells/mL, b] for Holstein cows in Brazilian herds from 2010 to 2015 (Parity 
1 = solid line; parity 2 = dotted line; and parity 3 = dashed line).
Table 4. Effect (kg) on daily milk yield of a unit change in LnSCC1 (×1,000 cells/mL) from Holstein cows in parity 1, 2, and 3 at the stages 
of lactation
Stage of  
lactation (d)
Parity 1 (n = 138,741; 
intercept = −0.72 ± 0.062)
 
Parity 2 (n = 63,172; 
intercept = −1.56 ± 0.15)
 
Parity 3 (n = 23,568; 
intercept = −2.32 ± 0.21)
Estimate SD Estimate SD Estimate SD
5 to 19 −0.68 0.05 −1.47 0.13 −2.22 0.17
20 to 34 −0.64 0.04 −1.35 0.11 −1.96 0.14
35 to 49 −0.61 0.03 −1.28 0.09 −1.78 0.12
50 to 64 −0.59 0.03 −1.20 0.08 −1.60 0.10
65 to 79 −0.57 0.03 −1.15 0.07 −1.45 0.08
80 to 94 −0.56 0.03 −1.11 0.07 −1.33 0.07
94 to 109 −0.55 0.03 −1.09 0.06 −1.24 0.06
110 to 124 −0.55 0.03 −1.09 0.06 −1.17 0.06
125 to 139 −0.56 0.03 −1.11 0.06 −1.14 0.06
140 to 154 −0.57 0.03 −1.14 0.06 −1.13 0.06
155 to 169 −0.58 0.03 −1.19 0.06 −1.16 0.06
170 to 184 −0.60 0.03 −1.26 0.06 −1.21 0.05
185 to 199 −0.63 0.03 −1.35 0.06 −1.29 0.05
200 to 214 −0.66 0.02 −1.45 0.05 −1.40 0.05
215 to 229 −0.70 0.03 −1.58 0.05 −1.53 0.05
230 to 244 −0.74 0.03 −1.72 0.06 −1.70 0.06
245 to 259 −0.79 0.03 −1.88 0.07 −1.89 0.07
260 to 274 −0.85 0.04 −2.05 0.08 −2.12 0.08
275 to 289 −0.91 0.05 −2.24 0.10 −2.37 0.10
289 to 304 −0.97 0.06 −2.45 0.13 −2.65 0.12
1SCC = 100 is equivalent to LnSCC of 4.61 = 100 (×1,000) = 100,000 cells/mL.
2The ± values are SE.
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Figure 3. The daily milk loss (ML) for parity 1 (A), 2 (B), and 3 (C) distributed in different groups of SCC (cells/mL).
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  [2] Considering a first-lactation cow at 50 DIM 
with SCC = 500,000 cells/mL
 (6.21 − 2.35) × 0.59 = 2.28. 
A visual comparison of both figures illustrates that 
losses in milk production due to increased LnSCC seem 
most severe among parities 2 and 3.
DISCUSSION
The threshold of 200,000 cells/mL is generally re-
garded as the SCC cutoff level at which ML becomes 
evident at cow level (IDF, 2013). In our study, how-
ever, the association between SCC and milk production 
started to be evident at lower levels of SCC per milliliter 
(Figure 1), even among high-yielding cows (Coldebella 
et al., 2003). Recent models for milk yield and SCC 
estimations derived from lactation curves (Græsbøll et 
al., 2016) have demonstrated that the SCC per milliliter 
itself, recorded at test-day milk recording, is less corre-
lated with milk production of healthy Danish Holsteins 
cows. It seems clear that parity and stage of lactation 
of the individual must be accounted for an accurate 
interpretation of its milk production. Our findings rein-
force the role of these factors (Hand et al., 2012) on the 
relationship between the SCC and the milk recorded 
at test day from Brazilian Holsteins. Figures presented 
in the current study suggest that first-lactation Hol-
stein cows at early stages of lactation (at d 5–19) may 
start experiencing ML at LnSCC 1.01 ± 0.40 cells/
mL, whereas second- and third-lactation cows may 
have their milk production affected at LnSCC of 1.98 
± 0.24 and 2.89 ± 0.17 cells/mL at this stage (5–19 
DIM), respectively. These results indicated that EML 
was more pronounced for second- and third-lactation 
cows (1.47 ± 0.13 and 2.22 ± 0.17 kg/d, respectively) 
than first-parity cows immediately after calving (0.68 
kg/d ± 0.05) at the same stage of lactation with an 
increase of 1 unit point in natural logarithm of SCC 
(LnSCC) in the beginning of lactation. A similar trend 
across parity categories at the onset of lactation (d 1–15 
from calving date) was observed by Dürr et al. (2008), 
who found these losses to be higher among adult cows 
(0.88 kg/d) per unit increase of LnSCC than those ex-
perienced among primiparous (0.49 kg/d) at the same 
stage of lactation. As mastitis-control measures within 
herds are more heavily adopted toward freshly calved 
primiparous cows (Miller et al., 2004), higher SCC is 
prone to occur among adult animals, possibly due to 
a decline in immune resistance as age progresses. The 
ML from first-parity animals at the onset of lactation 
that were identified herein was similar to that estimates 
from Archer et al. (2013), who found that a 1-unit in-
crease in the LnSCC over the first 5 to 30 d after calv-
ing of first-lactation Irish dairy primiparous cows was 
associated with a median decrease of 0.44 kg/d (our 
results approximately 0.64 ± 0.04 kg/d, 20 to 34 DIM). 
Although those authors (Archer et al., 2013) accounted 
for the age of animals at calving in their model, they 
have not (or did not appear to have) taken the breed of 
animals into consideration for their analysis.
Estimated losses for each unit increase of LnSCC 
among mid-lactation cows were lower than those ob-
served from early-lactation primiparous and adult cows. 
A 1-unit increase on LnSCC around 110 and 124 DIM 
of cows at first lactation was associated with an average 
milk decrease of 0.55 ± 0.03 kg/d, and of 0.97 ± 0.06 
kg/d for cows at later lactation (at d 289–304). The 
decrease in milk production estimated by our study was 
similar than that reported by Dürr et al. (2008) for Hol-
stein cows at about the same stage of lactation. Losses 
observed at d 121 of lactation by Dürr et al. (2008) 
for primiparous were 0.34 and 0.81 kg/d in adult cows 
with the increase in the LnSCC of 1 unit. Importantly, 
mid-lactation dairy cows (at 101–200 DIM) from south-
ern herds in Brazil are at increased risk of occurrence 
of chronic cases of subclinical mastitis compared with 
animals at 100 DIM (Cardozo et al., 2015), which could 
also explain the increased estimates of ML found in our 
study and the LnSCC cutoff point associated with it.
The cutoff LnSCC at which second- and third-lacta-
tion cows started experiencing ML was identified dur-
ing the first stage of lactation (1.98 ± 0.24 and 2.89 ± 
0.17 cells/mL at d 5–19, respectively). This is biologi-
cally plausible, as cows are in negative energy balance 
and udder defenses may be impaired due to metabolic 
stress (Hagnestam-Nielsen et al., 2009). Among the pri-
miparous cows, the lowest cutoff LnSCC was observed 
as lactation progressed toward its end (275–289 DIM; 
LnSCC 0.27 ± 0.89 cells/mL). However, an opposite 
trend has been reported, higher SCC cutoff points in 
the beginning of the lactation for first lactation cows, 
by Dürr et al. (2008), as they observed a decrease of 
SCC cutoff points at 136 to 150 d that remained similar 
until the end of lactation (at 286–300 d).
Findings reported here substantiate the SCC level, 
parity, and the stage of lactation at which ML are ex-
pected to be a matter of concern to the Brazilian dairy 
farmer. Previous studies addressed the issue by show-
ing ML around 0.61 and 3.26 kg/d from primiparous 
and multiparous cows, respectively, with the increase of 
individual test-day SCC at a cutoff from 14,270 cells/
mL (Coldebella et al., 2003). However, the use of those 
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results may be of limited application given the diver-
sity of herd management nationwide, as their findings 
were based on a single herd with well-managed on-farm 
practices in place (Coldebella et al., 2003). Figures pre-
sented in the current study corroborate their estimates 
(Coldebella et al., 2003), but may apply more broadly 
to the entire Brazilian dairy industry, as they depict a 
typical proportion of the Holstein breed population in 
the country. The average SCC at which cows began to 
underperform was estimated approximately at 12,400 
cells/mL. Over this threshold, however, our estimates 
of ML per an increase of 1 unit in LnSCC were higher 
by, on average, 0.67 ± 0.03, 1.46 ± 0.08, and 1.62 ± 
0.08 kg/d, for first-, second-, and third-lactation Bra-
zilian Holstein cows, respectively. This implies that 
ML across the Brazilian Holstein population used in 
our study (where currently 16% of all test-day records 
have SCC >200,000 cells/mL) would be greater than 
6.5% for primiparous, 8.5% for second lactation, and 
9% for third lactation cows [Figure 3 A, B, and C; 
note, 6.5% corresponds to the average of the percent-
age losses expected for SCC 200,000 cells/mL for each 
stage of lactation (stages 1 to 20) for parity 1 cows 
(Figure 3A, SCC = 200,000) and likewise from Figure 
3B (parity 2) and Figure 3C (parity 3) SCC = 200,000]. 
Given the concerns around the SCC at cow level and 
its economic implication, especially on levels at which 
ML is still overlooked by the dairy farmer, implementa-
tion of mastitis-control strategies at a herd level has 
to be defined by understanding what acceptable level 
of associated losses with the bulk tank SCC is aimed 
for by the dairy farmer (Troendle et al., 2017). This 
understanding, therefore, may be pivotal for the suc-
cessful implementation of such programs and assist the 
dairy industry to accurately estimate losses associated 
with SCC, especially at cow level.
CONCLUSIONS
Daily milk losses caused by changes in LnSCC were 
dependent on parity and stage of lactation, and these 
factors should be considered when evaluating individual 
SCC. Lactation milk loss (kg) increased significantly as 
lactation-average SCC increased. Milk yield starts to 
be affected by changes in LnSCC only after a cutoff 
point, which is about 2.52 (the average of all estimates 
of approximately 12,400 cells/mL) for Holsteins cows 
from Brazilian herds. Second- and third-lactation cows 
had greater milk loss than did primiparous cows. Milk 
losses per unit increase in LnSCC varied from 0.55 to 
0.97 kg/d in first lactation, 1.09 to 2.45 kg/d in second 
lactation, and 1.13 to 2.65 kg/d in third lactation. The 
milk losses were smaller during the lactation peak.
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